Introduction {#S0001}
============

The incidence of ovarian cancer ranks second among gynecologic tumors, but its mortality rate ranks first. Worldwide, approximately 240,000 people are diagnosed with ovarian cancer each year, and 150,000 people die of ovarian cancer annually.[@CIT0001] The development of ovarian cancer often goes unnoticed, and most ovarian cancers are diagnosed at an advanced stage.[@CIT0002] The 5-year survival rate has been reported to be greater than 90% in patients diagnosed with stage I ovarian cancer, while the 5-year survival rate is approximately 17--39% in most women diagnosed with stage III or IV ovarian cancer.[@CIT0003] Hence, finding new targets for the early diagnosis and treatment of ovarian cancer is essential.

Circular RNAs (circRNAs) are noncoding RNAs characterized by a lack of 5' and 3' polarities and poly(adenylate) tails, and their existence was first proposed in 1976.[@CIT0004] CircRNAs have long been considered transcriptional byproducts with no biological function. In recent years, with the continuous progress of gene sequencing technology and bioinformatics, an increasing number of circRNAs and their biological functions have been discovered. Studies have shown that circRNAs can be widely, stably and conservatively expressed in a variety of organisms, and their expression is specific to tissues and stages of development.[@CIT0005] Numerous studies have also demonstrated that circRNAs play an important regulatory role in the progression of various types of human tumors.[@CIT0006],[@CIT0007] Therefore, the study of the role of circRNAs in cancer can provide new targets for the diagnosis and treatment of cancers and improve the overall survival of cancer patients. CircRNA CDR1as (CDR1as) is an antisense transcription product of cerebellar degenerative-related protein-1. A large number of studies have found that CDR1as can act as a ceRNA of miR-7 to regulate the expression and function of miR-7 target genes, thus participating in the regulation of the progression of human liver cancer, lung cancer, esophageal cancer and other types of tumors.[@CIT0008]--[@CIT0010]

MiRNAs and hypoxia-inducible factor 1-alpha inhibitor (HIF1AN) are closely correlated with cancer. MiRNAs are a class of small noncoding RNAs between 19 and 25 nucleotides in length that can inhibit protein synthesis by binding directly to the 3' untranslated region (UTR) of the target mRNA.[@CIT0011] MiR-135b has been shown to play a role in promoting tumor progression through targeting different suppressive genes in a variety of human cancers, including colorectal cancer, gastric cancer, cutaneous melanoma and other types of tumors.[@CIT0012],[@CIT0013] HIF1AN is an asparagine hydroxylase, and previous research has found that HIF1AN can inhibit the activities of G9a and GLP by hydroxylating them at their asparagine residues, thereby inhibiting the malignant behavior of ovarian cancer cells.[@CIT0014] However, the relationships among CDR1as, MiR-135b, and HIF1AN in the progression of ovarian cancer are still unclear. Therefore, in the present study, we explored the function and mechanism of CDR1as through determining the expression of CDR1as and its relationships with miR-135b-5p and HIF1AN and the proliferation of ovarian cancer cells.

Materials and methods {#S0002}
=====================

Cell lines and tissue samples {#S0002-S2001}
-----------------------------

The HO8910 and A2780 ovarian cancer cell lines were purchased from Bioleaf Biotech (China) and Chuanbo Biotechnology (China), respectively. Both cell lines were cultured in 10% fetal bovine serum (FBS)-1640 (Corning, USA) in a humidified incubator (37 °C, 5% CO2). Ovarian tissues (65 samples) from ovarian cancer patients and ovarian epithelial tissues (37 samples) from patients without ovarian cancer were collected from the Second Affiliated Hospital of Harbin Medical University. Written informed consents were obtained from all patients. The study protocol was conducted in accordance with the Declaration of Helsinki, and was approved by Ethics Committee of the Second Affiliated Hospital of Harbin Medical University (KY2018-041).

Transfection {#S0002-S2002}
------------

Specific siRNAs were constructed by GenePharma Co., Ltd., of China. Their sequences were as follows: hsa-miR-135b-5p inhibitor: UCACAUAGGAAUGAAAAGCCAUA (antisense 5'-3'), negative control (NC) inhibitor: UUGUACUACACAAAAGUACUG (antisense 5'-3'), Si-CDR1as: GCAAUAUCCAGGGUUUCCGTT (sense 5'-3') and CGGAAACCCUGGAUAUUGCTT (antisense 5'-3'), Si-NC: UUCUCCGAACGUGUCACGUTT (sense 5'-3') and ACGUGACACGUUCGGAGAATT (antisense 5'-3'). These siRNAs were transfected into HO8910 and A2780 cells using Lipofectamine 2000 siRNA transfection reagent according to the manufacturer's instructions. Ad-CDR1as and Ad-NC were designed and synthesized by Hanbio (China). Adenovirus particles were used according to the manufacturer's instructions. To measure the overexpression efficiency of adenovirus-targeted CDR1as, quantitative polymerase chain reaction (qPCR) was used.

Western blot analysis {#S0002-S2003}
---------------------

Proteins were incubated with cold lysis buffer (Tris 50 mm, pH 7.4, NaCl 150 mm, Triton x-100%, EDTA 1 mm, PMSF 2 mm) for 5 mins to dissolve the proteins. These lysates were centrifuged at 13,500 RPM for 15 mins to obtain the supernatant. The protein concentration was determined using a bicinchoninic acid protein assay kit. The protein samples were separated by dodecyl sulfate-polyacrylamide gel electrophoresis and then transferred onto nitrocellulose membranes. The membranes were then blocked with 5% skim milk powder in TBST (NaCl: 150 mM, Tris: 20 mM, Tween 20: 0.1%, pH 7.6) for 1 h and incubated with specific protein antibodies at 4 °C overnight. On the second day, the membranes were treated with horseradish peroxidase-conjugated secondary antibodies. The proteins were measured using enhanced chemiluminescence reagents. Antibodies against proliferating cell nuclear antigen (PCNA) and β-actin were purchased from Santa Cruz (CA, USA). The HIF1AN antibody was purchased from ABclonal (China).

qRT-PCR {#S0002-S2004}
-------

Total RNA was extracted by using TRIzol reagent (Invitrogen, USA) according to the manufacturer's instructions. Subsequently, the total RNA was reverse-transcribed into cDNA using a First Strand cDNA Synthesis Kit (TOYOBO, China). The cDNA was then amplified and measured with a Roche 480 apparatus and SYBR^®^ Green Real-time PCR Master Mix (TOYOBO, China). The specific PCR primers were as follows: CDR1as-forward: 5′-CGTCTTCCAGCATCTCTGTGT-3′ and reverse: 5′-GCCATCGGAAACCCTGGATA-3′; actin-forward: 5′-CTCCATCCTGGCCTCGCTGT-3′ and reverse: 5′- GCTGTCACCTTCACCGTTCC −3′; GAPDH-forward: 5′-AATCCCATCACCATCTTCC-3′ and reverse: 5′-CATCACGCCACAGTTTCC-3′; HIF1AN-forward: 5′-GTAATGACTCTATGTGATGCC-3′ and reverse: 5′-GATAAAAGGTTACAAACGATG-3′; hsa-miR-135b-5p-forward: 5′-CGGGCTATGGCTTTTTATTCC-3′, and reverse: 5′-CAGCCACAAAAGAGCACAAT-3′; and Stem-loop, 5′-CCTGTTGTCTCCAGCCACAAAAGAGCACAATATTTCAGGAGACAACAGGTCACATA-3′.

MTT assay {#S0002-S2005}
---------

To assess proliferation, HO8910 and A2780 cells were cultured at a concentration of approximately 1×10^4^ cells per well in 96-well plates. These cells were then treated in different ways. First, 0.5% 3-4,5-dimethylthiazol-2-yl-2,5-diphenyl-tetrazolium bromide (MTT) was added to each well and incubated for 4 h at 37 °C. Subsequently, 150 µl of dimethyl sulfoxide (DMSO) was added to each well. The absorbance was detected at 490 nm using a spectrophotometer.

Scratch-wound assay {#S0002-S2006}
-------------------

The HO8910 and A2780 cells cultured in 6-well plates were scratched with pipette tips, and the ablated cells were washed away with phosphate-buffered saline (PBS). The cells were photographed in the same area of the culture plate at 0 h and 24 h after wounding. The mobility of the cells was determined by measuring the wound width. Migration width (%)=(W0--W24)/W0×100, where W0 is the width of the initial wound, and W24 is the width of the remaining wound after 24 h.

Transwell^®^ assay {#S0002-S2007}
------------------

Cell invasion was determined using a Matrigel-coated modified Boyden chamber with a polycarbonate filter with a pore size of 8 μM. After coating the upper chamber filter of the transwell with 50 mg/ml of Matrigel solution, the cells were cultured with serum-free medium in the upper chamber of the transwell, which was inserted into a 24-well plate. Cell culture medium (10% FBS+1640) was then added to the lower chamber. After incubation for 24 h, the cells were fixed with a 4% formaldehyde solution for 30 mins and then stained with a 0.4% crystal violet solution for 15 mins. Cells from five fields were selected randomly in each chamber and photographed with a microscope. The invasion capacity of the cells was quantified by ImagePro +6.0.

CCK8 assay {#S0002-S2008}
----------

To assess the proliferation rate, HO8910 and A2780 cells were cultured at a concentration of approximately 1×10^4^ cells per well in 96-well plates. The cells were treated with different conditions and then incubated with CCK8 solution according to the manufacturer's instructions. The absorbance was measured at 450 nm with a spectrophotometer.

Immunofluorescence assay {#S0002-S2009}
------------------------

Immunofluorescence assays were performed using previously described techniques.[@CIT0015] Cells were incubated with a Ki67-specific antibody overnight at 4 °C and with a FITC-conjugated secondary antibody for 1 h in the dark at 37 °C. Fluorescence was measured by confocal laser scanning microscopy (CLSM). The antibody against Ki67 was obtained from Abcam (Cambridge, UK).

Statistical analysis {#S0002-S2010}
--------------------

Statistical analysis was carried out using SPSS software (version 21, SPSS Inc., Chicago, IL, USA). The data are presented as the mean ± S.E.M. Statistical analysis was performed with Student's *t*-test or one-way ANOVA, followed by Dunnett's test. All statistical tests were two-sided, and differences were considered to be significant at *P*≤0.05.

Results {#S0003}
=======

CDR1as expression is decreased in ovarian cancer {#S0003-S2001}
------------------------------------------------

To investigate whether CDR1as is expressed in ovarian cancer tissues, we measured CDR1as expression levels in the ovarian tissues of 65 ovarian cancer patients and 37 patients without ovarian cancer. The qRT-PCR results showed that CDR1as expression was significantly lower in the ovarian cancer tissues than in the normal ovarian tissues ([Figure 1A](#F0001){ref-type="fig"}). Subsequently, we examined CDR1as expression in ovarian cancer cell lines and normal ovarian epithelial cell lines by qRT-PCR. The results were consistent with those of previous experiments. CDR1as expression was lower in the ovarian cancer cell lines (HO8910 and A2780) than in the normal ovarian epithelial cell line (IOSE80) ([Figure 1B](#F0001){ref-type="fig"} and [C](#F0001){ref-type="fig"}). To explore the potential functions of CDR1as in ovarian cancer, we constructed an adenovirus (Ad-CDR1as) that specifically overexpressed CDR1as and a small interfering RNA (Si-CDR1as) that specifically silenced CDR1as. Ad-CDR1as and Si-CDR1as were transfected into ovarian cancer cell lines. Then, the efficiency of transfection was detected by qRT-PCR ([Figure 1D](#F0001){ref-type="fig"} and [E](#F0001){ref-type="fig"}).Figure 1CDR1as expression in ovarian cancer tissues and cells. (**A**) The relative expression of CDR1as in tissues from 65 ovarian cancer patients and 37 patients without ovarian cancer was measured by qRT-PCR. (**B**) and (**C**) The relative expression of CDR1as in ovarian cancer cells (HO8910 and A2780) was analyzed by qRT-PCR. (**D**) CDR1as was overexpressed in ovarian cancer cells via a CDR1as-specific adenovirus (Ad-CDR1as), and its expression was detected by qRT-PCR. (**E**) CDR1as expression was silenced in ovarian cancer cells with a CDR1as-specific siRNA (Si-CDR1as) and then measured by qRT-PCR. All values are expressed as the mean ± SEM (\**P*\<0.05 and \*\*\**P*\<0.001).

CDR1as inhibits the proliferation of ovarian cancer cells {#S0003-S2002}
---------------------------------------------------------

To explore the role of CDR1as in ovarian cancer, we determined the proliferation, invasion and migration of ovarian cancer cells after silencing or overexpressing CDR1as. The Western blot assay results showed that PCNA expression was reduced after CDR1as overexpression ([Figure 2A](#F0002){ref-type="fig"}). Consistent results were also found in the Ki67 detection ([Figure 2B](#F0002){ref-type="fig"}). The MTT and CCK8 assay results showed that the proliferation capacity of ovarian cancer cells was promoted after CDR1as silencing ([Figure 2C](#F0002){ref-type="fig"} and [D](#F0002){ref-type="fig"}). These data suggest that CDR1as may inhibit the proliferation of ovarian cancer cells.Figure 2CDR1as inhibits the proliferation of ovarian cancer cells. (**A**) PCNA protein expression levels were analyzed by Western blot. (**B**) Ki67 expression was estimated in ovarian cancer cells after staining for Ki67; the nuclei were stained with 4′,6-diamidino-2-phenylindole (DAPI). Magnification, ×400. (**C**) The proliferation of ovarian cancer cells was assessed by MTT assay. (**D**) The proliferation rate of ovarian cancer cells was measured by CCK8 assay. All values are expressed as the mean ± SEM (\**P*\<0.05, \*\**P*\<0.01, and \*\*\**P*\<0.001).

CDR1as inhibits the invasion and migration of ovarian cancer cells {#S0003-S2003}
------------------------------------------------------------------

To explore whether CDR1as is involved in regulating the invasion and migration of ovarian cancer cells, we performed Transwell^®^ and scratch-wound assays. Transwell^®^ assay results showed that the invasion ability of ovarian cancer cells was inhibited after CDR1as overexpression ([Figure 3A](#F0003){ref-type="fig"} and [B](#F0003){ref-type="fig"}). Consistent results were also found in the scratch-wound assay. The scratch-wound assay results showed that the migration ability of ovarian cancer cells was inhibited after CDR1as overexpression ([Figure 3C](#F0003){ref-type="fig"} and [D](#F0003){ref-type="fig"}).Figure 3CDR1as inhibits the invasion and migration of ovarian cancer cells. (**A**) and (**B**) The invasion ability of ovarian cancer cells was measured by Transwell^®^ assay. Magnification, ×100. (**C**) and (**D**) The migration ability of ovarian cancer cells was detected by scratch-wound assay. Magnification, ×100. All values are expressed as the mean ± SEM (\*\**P*\<0.01 and \*\*\**P*\<0.001).

MiR-135b-5p promotes the proliferation of ovarian cancer cells {#S0003-S2004}
--------------------------------------------------------------

To investigate the role of CDR1as in ovarian cancer, we predicted which miRNA was associated with CDR1as using a bioinformatics database (<http://starbase.sysu.edu.cn>). We found that CDR1as may interact with miR-135b-5p ([Figure 4A](#F0004){ref-type="fig"}). To further confirm the correlation between CDR1as and miR-135b-5p, we inhibited the expression of CDR1as in ovarian cancer cells. The qRT-PCR assay results showed that silencing CDR1as can increase miR-135b-5p expression ([Figure 4B](#F0004){ref-type="fig"}). To study the role of miR-135b-5p in ovarian cancer cells, we inhibited miR-135b-5p expression in ovarian cancer cells using a miR-135b-5p inhibitor. Using MTT and CCK8 assays, we found that the proliferation ability of ovarian cancer cells was suppressed when miR-135b-5p expression was inhibited ([Figure 4C](#F0004){ref-type="fig"} and [D](#F0004){ref-type="fig"}).Figure 4MiR-135b-5p promotes the proliferation of ovarian cancer cells. (**A**) The interaction between CDR1as and miR-135b-5p was predicted by a bioinformatics database. (**B**) The miR-135b-5p expression level was analyzed by qRT-PCR. (**C**) The proliferation of ovarian cancer cells was measured by MTT assay. (**D**) The proliferation rate of ovarian cancer cells was detected by CCK8 assay. All values are expressed as the mean ± SEM (\**P*\<0.05, \*\**P*\<0.01, and \*\*\**P*\<0.001).

HIF1AN expression was positively correlated with CDR1as and negatively correlated with miR-135b-5p {#S0003-S2005}
--------------------------------------------------------------------------------------------------

Through the bioinformatics database ([www.targetscan.org](http://www.targetscan.org)), we found that HIF1AN may be a target gene of miR-135b-5p ([Figure 5A](#F0005){ref-type="fig"}). HIF1AN is an inhibitor of HIF-1α, which plays a role in inhibiting tumors in the progression of cancer. The qRT-PCR assay results showed that the miR-135b-5p inhibitor increased the mRNA expression of HIF1AN ([Figure 5B](#F0005){ref-type="fig"}) and that silencing CDR1as reduced the mRNA expression of HIF1AN ([Figure 5C](#F0005){ref-type="fig"}). The Western blot and qPCR results were similar. The protein expression level of HIF1AN was positively correlated with that of CDR1as and negatively correlated with that of miR-135b-5p ([Figure 5D](#F0005){ref-type="fig"} and [E](#F0005){ref-type="fig"}).Figure 5HIF1AN expression was positively correlated with CDR1as and negatively correlated with miR-135b-5p. (**A**) HIF1AN was identified as a potential target gene of miR-135b-5p by bioinformatics analysis (TargetScanHuman database). (**B**) and (**C**) HIF1AN mRNA expression levels were analyzed by qRT-PCR. (**D**) and (**E**) HIF1AN protein expression levels were analyzed by Western blotting. All values are expressed as the mean ± SEM (\**P*\<0.05, \*\**P*\<0.01, and \*\*\**P*\<0.001).

CDR1as functions by targeting miR-135b-5p and promoting HIF1AN in ovarian cancer cells {#S0003-S2006}
--------------------------------------------------------------------------------------

To validate that CDR1as plays a role in ovarian cancer cells by inhibiting miR-135b-5p and promoting the expression of HIF1AN, we inhibited CDR1as and miR-135b-5p expression in ovarian cancer cells. The qRT-PCR and Western blot results revealed that a miR-135b-5p inhibitor blocked the downregulation of HIF1AN mRNA and protein after CDR1as silencing in ovarian cancer cells ([Figure 6A](#F0006){ref-type="fig"} and [B](#F0006){ref-type="fig"}). The MTT and CCK8 assay results showed that miR-135b-5p knockdown could significantly decrease the CDR1as silencing-mediated promotion of HO8910 and A2780 cell proliferation ([Figure 6C](#F0006){ref-type="fig"} and [D](#F0006){ref-type="fig"}). In summary, CDR1as, acting as a sponge of miR-135b-5p, inhibited miR-135b-5p and increased the expression of HIF1AN, thus playing a role in tumor inhibition in ovarian cancer.Figure 6CDR1as targeted miR-135b-5p and promoted HIF1AN in ovarian cancer cells. (**A**) HIF1AN mRNA expression levels were analyzed by qRT-PCR assay. (**B**) HIF1AN protein expression levels were analyzed by Western blotting. (**C**) The proliferation of ovarian cancer cells was measured by MTT assay. (**D**) The proliferation ratio of ovarian cancer cells was measured by CCK8 assay. All values are expressed as the mean ± SEM (\**P*\<0.05, \*\**P*\<0.01, and \*\*\**P*\<0.001).

Discussion {#S0004}
==========

Previous studies have shown that circRNAs have many important biological functions. First, circRNAs act as sponges of miRNAs to regulate the function of miRNA target genes.[@CIT0016],[@CIT0017] Second, they directly regulate the level of other RNAs through complementary base-pairing.[@CIT0018] Third, circRNAs can regulate the activity of proteins by binding to them directly.[@CIT0019] Finally, a small number of circRNAs can also be translated into a template to guide protein synthesis.[@CIT0020],[@CIT0021] Therefore, circRNAs play an important regulatory role in organisms by regulating the expression of different genes, and how this function relates to the progression of human cancer has attracted extensive attention. In the present study, we assessed the function and mechanism of CDR1as, a circRNA, in the progression of ovarian cancer.

Previous studies have shown that CDR1as can exert cancer-promoting effects in the progression of various types of cancer in humans. The expression level of CDR1as is increased in esophageal cancer and is closely related to the overall survival (OS) of patients. CDR1as can increase the expression of MMP2, KLF-4 and HOXB13 by inhibiting miR-7, thus leading to increased proliferation, invasion and migration in esophageal cancer cells.[@CIT0009],[@CIT0022] CDR1as expression in the tissues and cells of lung cancer is also increased. Numerous clinical studies have shown that the expression level of CDR1as is positively correlated with tumor size, lymph node metastasis, TNM stage and poor clinical outcome in patients, and it is an independent prognostic factor for patients with lung cancer. CDR1as acts as a ceRNA of miR-7 to up-regulate EGFR, CCNE1, PIK3CD and RELA, thus promoting proliferation, migration and invasion and inhibiting apoptosis in lung cancer cells.[@CIT0023]--[@CIT0025] However, the expression and function of CDR1as in the development of ovarian cancer remain unclear. Our study revealed that the expression level of CDR1as is decreased in ovarian cancer tissues. Moreover, CDR1as overexpression can inhibit the proliferation, invasion and migration of ovarian cancer cells. We demonstrated for the first time that CDR1as functions as a tumor suppressor.

MiRNAs have been identified to interact with different genes to regulate the progression of various cancers.[@CIT0026],[@CIT0027] Valeri et al revealed that miR-135b is a downstream effector of the PTEN/PI3K pathway that leads to increased proliferation and invasion and decreased apoptosis in colorectal cancer (CRC) mouse models.[@CIT0028] In nonsmall cell lung cancer, miR-135b targets multiple key components of the Hippo pathway and LZTS1, thereby enhancing cancer cell invasion and migration in vitro and promoting cancer cell metastasis in vivo.[@CIT0029] In our study, miR-135b-5p promoted the proliferation of ovarian cancer cells by inhibiting the expression of HIF1AN.

A previous study showed that HIF1AN hydroxylates HIF-1α at its asparagine residues, thereby inhibiting its activity by blocking the recruitment of p300/CBP coactivators.[@CIT0030] Thus, HIF1AN can play a tumor suppressive role in human prostate cancer, colon cancer, breast cancer and other types of cancer.[@CIT0031]--[@CIT0033] Our study found that miR-135b-5p can promote ovarian cancer cell proliferation by inhibiting the expression of HIF1AN. Our study suggests that CDR1as inhibits the function of ovarian cancer cells by acting as a ceRNA of miR-135b-5p. However, we cannot rule out that CDR1as can also regulate ovarian cancer progression through other mechanisms. Other mechanisms involving CDR1as in ovarian cancer need further study, and we will continue to investigate this possibility in future studies.

Conclusion {#S0005}
==========

In summary, we detected that CDR1as expression is significantly decreased in ovarian tissues and cells and that CDR1as overexpression can inhibit the proliferation, invasion and migration of ovarian cancer cells. CDR1as functions as a tumor suppressor by sponging miR-135b-5p, which exerts a cancer-promoting effect by targeting HIF1AN in ovarian cancer. These findings provide new information for the diagnosis and treatment of ovarian cancer.

Disclosure {#S0006}
==========

The authors report no conflicts of interest in this work.
